Mg2e-deficient growth conditions is conditionally requlired for resistance to these three agents.
In recent years, there has been a significant increase in our understanding of the mechanisms of uptake of antibiotics across the outer membranes of Pseudomonas aenrginosa. It is now well established that low outer membrane permeability to hydrophilic compounds contributes substantially to the high intrinsic resistance of this bacterium to antibiotics such as 1-lactams (3). Conversely, polycationic antibiotics, such as polymyxin B and aminoglycosides, access the self-promoted uptake pathway (3, 4, 8) . This pathway involves the competitive displacement by these bulky polycations of the divalent cations which noncovalently cross bridge adjacent lipopolysaccharide (LPS) molecules. Consequently, the outer membrane becomes distorted and more permeable, permitting increased (self-promoted) uptake of the permeabilizing compounds. The isolation of outer membrane mutants with altered susceptibilities to these agents argues powerfully that self-promoted uptake is relevant to eventual cell killing (3) . The classical outer membrane permeabilizer EDTA, a divalent cation chelator, functions by accessing the same divalent cation-binding sites on LPS as do polycationic antibiotics (8) .
Nicas and Hancock (8) proposed that the P. aeruginosa outer membrane protein OprH (or H1) blocked the selfpromoted uptake pathway. Thus, overexpression of OprH by 20-fold or more, as a result of either adaptation to Mg2+-deficient medium in parent strain H103 or mutation in the polymyxin-resistant derivative strain H181, was associated with resistance to polymyxin B, gentamicin, and EDTA (1, 3, 8 (6) , which contains a mob site for transfer to P. aeruginosa but lacks an origin of replication that works in P. aeruginosa. The resultant plasmid pGB32B (Fig. 1) (1) . In contrast to the situation with parent strain H103, the OprH-deficient, oprH::tet mutant strain H703 remained susceptible to all three agents after growth in either Mg2'-sufficient orMe2-deficient medium (Table 1) . These killing data were confirmed by MIC experiments which demonstrated that susceptible cells (2 to 12% survivors) were affected by MICs of gentamicin and polymyxin of 2 ,ug/ml, whereas resistant cells (78 to 95% of survivors) were affected by MICs of 8 to 16 ,ug/ml. These data supported the hypothesis that overproduction of OprH during growth on Mg2+-deficient medium was required to permit expression of the polymyxin, gentamicin, and EDTA resistance phenotype.
To confirm that this result reflected an inability to produce and induce OprH, two control experiments were performed. First, it was demonstrated that H703 was affected by the same MIC (1 ,ug/ml) of the P-lactam cefpirome as the parent strain H103 in both Mg2e-sufficient and -deficient medium, arguing against a nonspecific change in permeability. Second, plasmid pGB25, which contains the oprH gene behind an m-toluate-inducible promoter, was introduced into strain H703. The resultant strain, H703/pGB25, when grown on Mg2+-deficient medium supplemented with m-toluate to induce OprH production, was resistant to both polymyxin B and EDTA compared to the vector plasmid control strain H703/pNM185 and the parent strain H703 ( Table 1 ) (note that gentamicin resistance could not be tested in the presence of these plasmids [1] ).
Two sets of results suggested that a second cellular alteration was required to give the full resistance phenotype observed in strain H103 grown in Mg2+-deficient medium. First, as previously observed for strain H103/pGB25 (1) 
